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Results on QCD jet production at ATLAS and CMS
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The Enrico Fermi Institute, The University of Chicago,
5640 South Ellis Avenue, Chicago, IL 60637.
The production of jets at the Large Hadron Collider (LHC) at
√
s = 7 TeV is summarized,
including results from both the ATLAS and CMS detectors. Current jet performance is
described, followed by inclusive jet and multi-jet measurements in various final state configu-
rations. Finally some results on heavy flavour and jet substructure are presented.
At both the ATLAS1 and CMS2 detectors in the LHC, jets serve as a proxy to final state partons.
Following the hard collision they undergo parton showering, hadronisation, and subsequently interact
in the surrounding detector. To reconstruct and calibrate the constituents of jets, CMS uses a particle
flow method which employs several subdetectors 3 while ATLAS forms jets using finely segmented
calorimeters.4 In both cases a pileup offset correction is applied to remove additional energy from
multiple proton-proton collisions.
The anti-kT clustering algorithm
5 is the preferred choice for jet reconstruction, with other methods
such as Cambridge-Aachen6 used for jet substructure. For cross section measurements a radius between
0.4 ≤ R ≤ 0.7 is used, while larger jet radii (R ≥ 1.0) are used for jet substructure studies.
The 2010 jet energy calibration is derived using Monte Carlo (MC) simulation tuned using test
beam and early collision data. The response is derived by comparing fully simulated and reconstructed
jets to truth jets, with in situ techniques such as multijet, photon-jet, and Z-jet balance used as cross
checks in data. The uncertainty on the derived jet energy calibration, shown in Figure 1, is often the
dominant source of experimental error on cross section measurements.
The inclusive jet cross section measures the production rate of jets as a function of both transverse
momentum (pT ) and rapidity (y). In 2010 jets were measured with 20 GeV < pT < 1550 GeV out
to rapidities of |y| = 4.4 using 37 pb−1 of integrated luminosity at ATLAS,7 with similar results seen
in CMS.8 In 2011 the data sample of 4.8 fb−1 has extended the reach to a pT of almost 2 TeV in
CMS.9 The large reach of this basic observable offers a powerful test of the Standard Model over many
orders of magnitude. A next-to-leading order (NLO) calculation is performed using NLOJET++ 10,
with non-perturbative corrections applied to account for hadronisation and underlying event. Monte
Carlo events are also generated with POWHEG BOX,11 producing NLO matrix elements with parton
showering which are then interfaced to PYTHIA or HERWIG for hadronisation. There is generally
good agreement seen between acceptance corrected measurement and theory, as shown in Figure 2. At
high pT , especially for large values of y, a tension is observed with theory over estimating data.
Ratios of jet measurements are powerful because many systematics (jet energy calibration uncer-
tainty and luminosity for example) either paritally or fully cancel when the ratio is taken. Taking the
ratio of events with N ≥ 3 jets to N ≥ 2 jets is an interesting probe of NLO effects. 12 Measured as
a function of the scalar sum of jets pT , HT = Σ jet pT where the sum is extended to all jets with
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Figure 1: Fractional uncertainty on the jet energy calibration as a function of jet pT in ATLAS
3 and CMS.4
Figure 2: Measurement of the inclusive jet cross section in the ATLAS detector.7 A slight tension is observed between
data and theory at high pT .
pT > 50 GeV and |y| < 2.5, Figure 3 shows that for HT > 500 GeV a variety of MC predicts the data
well.
The ratio of the inclusive dijet cross section (considering all combinations of N ≥ 2 jets in an event)
to the exclusive dijet cross section (only consider events with exactly N = 2 jets) is sensitive to the
resummation of large log(1/x) terms (BFKL evolution). All jets with pT > 35 GeV and |y| < 4.7
are considered, with the ratio plotted as a function of absolute rapidity separation |∆y| between jet
pairs. 13 As seen in Figure 4(a) PYTHIA gives the best agreement to data.
Heavy flavour at the LHC is important for understanding backgrounds in searches for the Higgs
boson and/or super-symmetric particles, as well as providing a check of the hadronisation description
in MC. Figure 4(b) shows the ratio of jets containing a D∗± meson to all jets as a function of z, the D∗±
momentum along the jet axis divided by the jet energy. 14 For this low pT slice the agreement between
data and MC is poor. At low pT , D
∗± originate mostly from c-hadrons showing that c-fragmentation
in jets is not well modeled.
The measurement of the dijet cross section for jets from b-hadrons tests the production and
hadronization of b-quarks. 15 Figure 5(a) shows the dijet mass cross section from bb¯ pairs, where
theory is seen to describe data well. For dijet systems which radiate a gluon, the azimuthal angle ∆φ
between them will be reduced. Figure 5(b) shows that while back-to-back systems (larger ∆φ) are well
described, as ∆φ decreases both POWHEG+Pythia and MC@NLO+Herwig begin to over estimate the
data.
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Figure 3: Ratio of the cross section of events in CMS with N ≥ 3 jets to N ≥ 2 jets, where only jets with pT > 50 GeV
and |y| < 2.5 are considered. The ratio is shown as a function of HT .12
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Figure 4: Two ratio measurements from ATLAS and CMS.
(a) bb¯ dijet cross section as a function of dijet
mass in ATLAS.
(b) bb¯ dijet cross section as a function of ∆φ
in ATLAS.
Figure 5: Results on jets produced from b-hadrons.15
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Figure 6: Results from ATLAS on jet substructure for Cambridge-Aachen R = 1.2 jets, before and after application of
splitting/filtering.16
Jet substructure is useful for identifying hadronic decays of boosted heavy particles. Splitting/filtering
using Cambridge-Aachen R = 1.2 jets is one example which undoes the clustering procedure until a large
mass drop is observed. This type of technique is robust against the effects of multiple proton-proton
interactions in a single bunch crossing. Figure 6 shows the improved agreement between data and MC
after splitting/filtering has been performed,16 giving confidence in the MC hadronisation description
for substructure studies.
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